Fresh leaves of Zapoteca portoricensis are used in Eastern Nigeria for management/treatment of various disorders without any scientific basis. Hepatoprotective and antioxidant properties in albino rats, and phytochemical composition of distilled water and ethanol leaf extracts were studied. Fifty-five animals were placed in eleven groups (A-K) of five in each. Different doses (100, 200, 400 and 600 mg/kg body weight) of the extracts, 20 mg/kg body weight of vitamin C (standard antioxidant) and distilled water were orally administered to groups A-H, I and J-K respectively for six consecutive days. On the seventh day, 2.5 ml/kg body weight of carbon tetrachloride (CCl 4 ) was given intraperitoneally to groups A-J, while group K received distilling. Serum levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and gamma glutamyltransferase (GGT) were used to study hepatoprotective effect. Malondialdehyde (MDA), superoxide dismutase (SOD) and catalase (CAT) levels in the liver were monitored to assess antioxidant activity. Phytochemical analysis revealed the presence of alkaloids, tannins, saponins, flavonoids, anthraquinones, terpenoids and cardiac glycosides in the extracts. Pretreatment of the rats with the extracts produced a significant decrease (p < 0.05) in ALT, AST, GGT and MDA, while the activity of SOD and CAT increased significantly (p < 0.05) relative to the positive control. These results, which were dose-dependent, are indicative of hepatoprotective and antioxidants potentials of the extracts, and may be due to their phytoconstituents.
INTRODUCTION
All plants produce chemical compounds as part of their normal metabolic activities. These can be divided into primary metabolites such as sugars, and fats found in all plants and secondary metabolites, which include alkaloids, tannins, saponins, phenols, and glycosides. These secondary metabolites and other chemical constituents of medicinal plants account for their medicinal value [1] .
Zapoteca portoricensis, commonly called white stick pea, is a member of the family Fabaceae [2] . It is a perennial shrub with small oval green leaves. It is mostly found in Eastern part of Nigeria. Traditional medicine practitioners in Eastern Nigeria use shoot system of the plant in the management/treatment of diseases such as convulsions, constipation, madness, external wounds, skin infections, and so on.
Phytochemicals are bioactive compounds found in plants that work with nutrients and dietary fibre to protect against diseases. They are non-nutritive compounds (secondary metabolites) that contribute to flavour colour [3] . Many phytochemicals have antioxidant activity and reduce the risk of many diseases, such as alkyl sulfide (found in onions, garlic, etc.), carotenoids (from carrots) and flavonoids (present in fruits and vegetables) [3] . Reactive oxygen free radicals (ROS) have been implicated in many diseases and in aging process. These free radicals, which cause tissue damage via oxidative stress, are generated by aerobic respiration inflammation, lipid peroxidation, etc. Antioxidant systems minimize or prevent deleterious effects of the ROS [4] .
Lipid peroxidation is an established mechanism of cellular injury, and is used as an indicator of oxidative stress. Polyunsaturated fatty acids peroxides generate malondialdehyde (MDA) and 4-hydroxyalkanals upon decomposition [5] .
Superoxide dismutase (SOD) decomposes superoxide anion into hydrogen peroxide and oxygen at very high rates. Superoxide radical is involved in diverse physiological and pathophysiological processes [6] . Catalase (CAT) is an antioxidant enzyme ubiquitously present in aerobic cells. It catalyses the decomposition of hydrogen peroxide to water and oxygen. High concentration of hydrogen peroxide is deleterious to cells, and its accumulation causes oxidation of cellular targets such as DNA, proteins and lipids, leading to mutagenesis and cell death [7] .
The liver is a central organ in biochemical homeostasis [8] . Aspartate aminotransferase (AST), alanine aminotransferase and gamma-glutamyltransferase are important in diagnosis of liver damage by chemical toxicity or infection. These enzymes are located intracellularly, but leak out into the blood stream when the tissue is damaged [8, 9] .
In spite of the tremendous strides in modern medicine, there are hardly any drugs that can stimulate liver function or offer protection to the hepatocytes from damage. Thus, many folk remedies from plants are studied for their possible hepatoprotective effect against chemically induced liver damage in experimental animals [10] . The present study was designed to examine the phytochemical constituents, hepatoprotective and antioxidant activities of fresh leaves of Zapoteca portoricensis in carbon tetrachloride (CCl 4 )-induced hepatotoxicity.
Materials and Methods

Collection of Fresh Leaves of
Zapoteca portoricensis
The leaves were obtained in May, 2010 from a bush in Abakaliki, Ebonyi State of Nigeria. They were identified by Prof. S. C. Onyekwelu of Biology Department, Ebonyi State University in Abakaliki, washed with distilled water and used immediately for the research, which lasted fifteen days.
Preparation of Leaf Extracts
The methods of extraction used by Agbafor [11] were adopted, utilizing distilled water and ethanol (separately) as solvents. The extracts were prepared by pounding the fresh leaves into a paste and soaking the paste in the respective solvents for 24 hours, followed by decantation.
The extracts were concentrated using rotor evaporator to get gel-like dark brown extracts.
Phytochemical Analysis of the Extracts
The methods of Harbone [12] and Trease and Evans [13] were used to identify the following phytochemicals in the extracts: alkaloids, saponins, tannins, anthraquinones, flavornoids, terpenoids and cardiac glycosides. Dried samples of the extracts were used in each of the specific methods for testing for the presence of the afore-mentioned phytochemicals as described by Harbone [12] and Trease and Evans [13] .
Assessment of Hepatoprotective and Antioxidant Properties
Animals and handling: Fifty-five adult male albino rats, weighing 115 -124 g were brought from the animal house of Biochemistry Department, University of Nigeria, Nsukka. They were placed in eleven groups (A-K) of five rats in each group and kept in animals' house of Biochemistry Department, Ebonyi State University Abakaliki for seven days to acclimatize. All the rats were allowed free access to feed (rat chaw) and water before and throughout the experiment.
Ethical approval was obtained from Ebonyi State University Research and Ethics Committee.
Animal groups and treatments: Solutions of the extracts were made with distilled water. Different doses of the extracts and 20 mg/kg body weight of vitamin C (Emzor Pharmaceutical Industries, Nigeria) were given orally to groups A-H and I respectively, while J and K received distilled water for six consecutive days.
Inducement of Liver Damage
On the seventh day, groups A-J treated with a single dose of 2.5 ml/kg body weight of CCl 4 Collection of samples from the animals: Blood samples were collected from the animals following an overnight fast through cardiac puncture under mild anaesthe-sia using diethylether. The samples were put into specimen bottles without anticoagulant. Liver was also quickly excised, perfused with cold normal saline and homogenized in 0.25 M sucrose in phosphate buffer (0.2 M, pH 7.4).
Hepatoprotective Property
Serum levels of ALT, AST and GGT were used to study hepatoprotective effect of the extracts. Their levels were determined by the methods described by Tietz [14] .
Determination of AST activity: AST catalyses the transfer of the α-amino group from L-aspartate to α-ketoglutarate resulting in the formation of oxaloacetate and L-gultamate. The oxalocetate reacts with 2,4-dinitrophenylhydrazine (DNPH) to form 2,4-dinitrophenylhydrazone which in an alkaline medium gives a red-brown colour. The absorbance of the colour produced is measured using a spectrophotometer at 510 nm.
Determination of ALT activity: ALT catalyses the transfer of the amino group from L-alanine to α-ketoglutarate resulting in the formation of pyruvate and Lglutamate. ALT is measured by monitoring the concentration of pyruvate hydrazone formed with 2,4-dinitrophenylhydrazine.
Measurement of GGT activity: The substrate L-γ-glutamyl-3-carboxy-4-nitroanilide, in the presence of glycylglycine is converted by GGT in the sample to 5-amino-2-nitrobenzoate which can be measured at 405 nm.
Antioxidant Activity
This was assessed by the concentration of the lipid peroxidation product, MDA and antioxidant oxidant enzymes, SOD and CAT in the liver homogenate.
Catalase activity was measured by the method of Aebi [15] . Catalase reduces the hydro peroxide which can induce damage in the membrane by initiating lipid peroxidiation. The rate of decomposition of H 2 O 2 to water and oxygen was measured spectrophotometrically at 240 nm. The absorbance of H 2 O 2 at 240 nm is measured directly to calculate the reaction since water and oxygen do not absorb at this wavelength.
Lipid peroxidation levels were measured by the thiobarbituric acid (TBA) reaction using the method of Ohkawa et al. [16] . This method was used to measure spectrophotometrically the color produced by the reaction of TBA with malondialdehyde (MDA) at 532 nm.
Estimation of Superoxide Dismutase (SOD): The activity of superoxide dismutase (SOD) was assayed by the method of Kakkar, et al. [17] based on the oxidation of epinephrine adrenochrome transition by enzyme. Change in absorbance is read at 470 nm.
Data Analysis
Statistical analysis was done using analysis of variance (ANOVA). Means were compared for significance using Duncan's Multiple Range test (p < 0.05) [18] .
Results and Discussion
The reviews cited in this section are in agreement with the major findings of this research.
The phytochemical constituents of the extracts are presented in Table 1 . The extracts contained alkaloids, tannins, saponins, flavonoids, anthraquinones, terpenoids and cardiac glycosides in varied proportions. These phytochemicals contribute to the various medicinal applications of leaves of zapoteca portoricensis. In line with Varadarajan et al. [1] , the secondary metabolites (phytochemicals) and other chemical constituents of medicinal plants are responsible for their medicinal values. Table 2 shows the hepatoprotective effect of the extracts. The levels of ALT, AST and GGT in the group treated with CCl 4 only (group J) were significantly higher (p < 0.05) than those in the untreated group K. Thus, CCl 4 induced liver damage in group J. Kartik et al. [19] reported a similar observation. However, pretreated of animals with the extracts or vitamin C resulted to a significant (p < 0.05) and dose-dependent decrease in the levels of these enzymes. This is also consistent with the findings of Kartik et al. [19] . The ability of the extracts to reduce the levels of these enzymes points to hepatoprotective property. Clinical observations and experimental studies have shown that subtle changes in the membranes of hepatocytes are sufficient to allow passage of intracellular enzymes into the extracellular space. Cell damage increases membrane permeability, causing cytosolic enzymes to spill into circulation [8] . For instance, in liver disease associated with hepatic necrosis, serum ALT and AST levels are elevated even before the clinical signs and symptoms of the disease appear [8] . From our results, this hepatoprotective effect of the extracts was comparable with that of vitamin C, and did not show any significant difference (p > 0.05) between the extracts.
Results of the examination of the antioxidant activity of the extracts are presented in Table 3 . There was a significant (p < 0.05) increase in MDA levels and decrease in SOD and CAT activities of group J, treated with CCl 4 only relative to the untreated control group. This also reflects hepatotoxicity of CCl 4 , as observed by Singh et al. [10] . The results were reversed on pretreatment with the leaf extracts or vitamin C. The MDA concentration of the pretreated groups was significantly lower (p < 0.05) than the untreated. On the hand, the activities of SOD and CAT were significantly higher (p < 0.05) in the pretreated groups than in the positive control. These observations are indicative of antioxidant property of the extracts.
Free radical damage and oxidative stress are the major reasons for liver tissue damage. The antioxidant enzymes Table 2 . Serum activities of ALT, AST and GGT of the animals after treatment. are the first-line defense against such damage and thus provide protection against the deteriorating outcome [20] . Oxidative injury and lipid peroxidation can be monitored by measuring liver MDA. Lipid peroxidation is regarded as one of the basic mechanisms of tissue damage caused by free radicals [19, 21] . It is probable that the various phytoconstituents of the extracts are involved in scavenging free radicals from tissues, thus, reducing oxidative stress. For example, flavonoids and tannins are phenolic compounds, and plant phenolics are a major group of compounds that act as primary antioxidants or free radical scavengers. Similarly, terpenoids, as vitamins, act as regulators of metabolism and play a protective role as antioxidants [22] .
This antioxidant property of the extracts was found to be dose-dependent. The effect increased to at 400 mg/kg body weight and decreased afterwards ( Table 3 ). The actual reason for this observation. However, the higher doses of the extracts may produce concentrations higher than the therapeutic level and non-pharmacologic or toxic effects. This observation is consistent with that reported by Agbafor [11] on leaf extracts of Baphia nitida. The effects in the groups treated with water extracts were not significantly different (p > 0.05) from those in ethanol extract treated groups. The antioxidant potential of 400 mg/kg was insignificantly higher (p > 0.05) than that of vitamin C. Nair et al. [23] got a similar result between vitamin E and some Indian foods.
Conclusion
The presence of the identified phytochemicals in the extracts partly explains the medicinal applications of leaves of Zapoteca portoricensis. The exert compounds responsible for the pharmacological activities are currently be-ing investigated. The hepatoprptective potential may not be unrelated to the antioxidant property of the phytoconstituents. However, this is subject to further examination. Our findings may be useful in explaining the medicinal values of fresh leaves of Zapotca portoricensis.
